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1 

1 MPPinSP 9IQI/?gTC3^t nhTS^x^ 
2 

3 Tills invention ralates jo biologically compact ible 

4 material for use in transplants ^ and to the production 

5 and use of such, material. 
6 

7 The replacement of failed or faulty animal 

8 (particularly human) tissue, including organs, has over 

9 the last four d&cades become a common place ther a py in 
10 clinical medicine. These replacement therapies range 
XI for example from the use of the polyethylene 

12 terephthalate sold under the trade marX dachoit by 

13 DuPont to repair faulty blood vessels to the use of 

14 saphenous vein as an autograft to by-pass blocked 

15 arteries and to the transplantation from one human to 

16 another of a heart* 
17 

18 Organ transplantation has undergone significant 

19 development vith modern immunosuppressants allowing 

20 high success rates to be achieved at relatively modest 

21 cost- The demand for organ transplantation has 

22 increased rapidly. There are now more than 20^000 

23 organ transplants per annum carried out worldvide. 
2 4 This^ however, represents only approximately 15% of the 
25 need as assessed by current criteria. The 
2 6 supply/ demand ratio of donor organs of all types can 

27 not be met from existing sources. This is perhaps best 

28 illiistrated vith the demand for heart transplantation. 

29 The first heart transplantation by Barnard in 1967 

30 generated considerable press coverage* Within a year, 

31 101 heart transplants had been performed in 2 2 

32 countries by 64 different surgical teams. 

33 sillusionment followed the poor results obtained so 
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2 

1 tiliat by -tixa eaz-ly 2.970& fever tiian 3 0 traneplante per 

2 year ware being performed worldwide* The intiroducrtion 

3 of cyclosporin iauauno-suppression, however, has 

4 revolutlonarised heart 'bransplantetion so -tihat most; 

5 centres can now anticipate success rates for heart 

6 transplantation of more than 80% one year graft (and 

7 patient etirvival) . as expertise is gained, this 

8 survival rate can rezisonably be expected to increase 

9 further. The success of this procedure ^ of courser 

10 fuels demand so that the medical profession and the 

11 general public become more aware that heart 

12 transplantation offers a real alternative to death, so 

13 more and more patientis are referred for the pr-ocedure* 

14 Currently, over 2,000 heart transplants per annum are 

15 performed. 

17 Today, the greatest risJc of death in heart 

18 transplantation is ^ile waiting for a suitable donor 

19 organ to become available. While the artificial heart 

20 offers a short-term support device for these patients, 

21 long-term demands are for more heart trzmsplant centres 

22 and a greater donor supply. The potential ntimber of 

23 individuals who might benefit from cardiac 

24 transplantation has never been scientifically 

25 established, but published estimates of the need for 

26 heart transplantation have ranged widely between 50 and 

27 250 people per million per yeair depending on selection 

28 criteria, age of recipient, disease and so forth. 

29 Whatever the actual figure may be, it is quite clear 

30 already that current donor supply options are incapable 
21 of meeting demand. Similar comments can be made for 
3 2 Icidney and liver transplantation, and it seems likely 
33 that once pancreas or Islet of Langerhans cell 
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3 

1 transplanta-tion becomes a wid ly-accepted tliorap utic 

2 procedure for lilae t:reat:inent of diatoetas, shortage of 

3 ZtxLs tissue will also become a prime concetm. 

4 

5 There are further disadvantages with current 

6 transplantation therapy. It is by no means always the 

7 case that donor organs are fit for use in 

8 transplantation, not least because many organ donors 

9 are themselves victims of some accident (for example, a 

10 road accident) ^diich has caused death by injury to some 

11 organ other than that which is being transplanted; 

12 however, there may be some additional injury to or 

13 associated difficulty with the organ to be 

14 transplanted* 
15 

16 Further, because of the unpredictable availability of 

17 organs from donors, transplant surgery often can not be 

18 scheduled as a routine operation involving theatre time 

19 bpoJced some while in advance • All too frequently, 

20 surgical teams and hospital administrators have to 

21 react the moment a donor organ is identified and worX 

22 unsocial hours, thereby adding to administrative and 

23 personal difficulties- 
24 

25 In the case of heart, liver and lung transplants, if 

26 rejection is encountered it will not usually be 

27 possible to retransplant unless by chance another 

28 suitable donor becomes available within a short space 

29 of time. 
30 

31 Apart from the above medical difficulties, current 

32 transplantation practice can in some cases involve 

33 social difficulties- In the first place, there may be 



SUBSTITUTE SHEET 



WO91/0S8S5 



PCr/GB90/01575 



1 religious objections t:o resovlng organs from potential 

2 donors , particularly in cultures believing in 

3 reincarnation » There are of course other ethical and 

4 social difficulties encountered in removing organs from 

5 dead humans, particularly as consent is required in 

6 some countries • Finally^ the appearance of a 

7 commercial trade in live kidney donors is causing 

8 concern, particularly in cez±ain third world countries, 

9 and it would be socially desirable to suppress or 
10 reduce such a trade. 

XI 

12 conventional transplantation surgery, as outlined above 

X2 with its disadvantages, involves the transplantation 

14 from one animal of a peurticular' species (generally 

15 human) to another of the same species. Such 

16 transplantations are termed allografts- Because of the 

17 difficulties with conventional allograft supply, as 
IS outlined above, attention has focused on the 

19 possibility of using xenografts in transplantation, 

20 Xenografting is the generic term commonly used for the 

21 implantation of tissues, including cells and organs, 

22 across species barriers* 
23 

24 There have already been several examples of the 

25 successful use of xenografts in therapeutic replacement 

26 schedules. For example, recent years have witnessed 

27 the use of pig tissue for aortic valve replacement, pig 

28 sicin to cover patients with severe bums , and cow 

29 ximbllical vein as a replacement vein graft. All of 
3 0 these xenografts have, however, one point in common: 

31 they provide a mechanical replacement only. The tissue 

32 used is biologically non-f unctional . The reason for 

33 this is that the immune processes existing in man 
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1 immediately ( witJciin minutes or houz-s ) destr-oy the 

2 cellulax integrity of tissues from m st sped s* such 

3 xenografts are knovn as discordant xenogra^s. 
4 

5 The ferocity of tliis destruction is phylogenetically 

6 associated. Thus, tissue from the chimpanzee^ which is 

7 a primate closely related to -man, cem . survive in man in 
S much the same way as an allograft,* such a xenograft is 
9 Jcnown as a concordant xenoc^raft. 

10 

11 While it may be thought that concordant xenografts 

12 might provide the answer to the difficulties with 

13 allografts, in practice this is probably not the case. 

14 Chimpanzees are much smaller than man and chimpanzee 

15 organs are generally not big enough to work in man. In 

16 the case of kidneys this may be overcome by 

17 transplanting two chimpanzee kidneys to^ replace a 
IS failed human kidneys, but for liver and heart this is 

19 clearly not a possibility. Furthermore, chimpanzees 

20 breed slowly in nature and poorly in captivity, and the 

21 demand for chimpanzees as experimental animals 

22 (particularly in the current era of research into 

23 Acquired Immune Deficiency syndrome (AIDS) ) means that, 

24 yet again/ demand is outstripping supply. 

25 Additionally, there may be some social difficulty with 
2 6 the public acceptance of the use of other primates as 
27 xenograft donors. 

28 

29 Attention has therefore refocused on discordant 

30 xenografts. It has been commonly believed that the 

31 reason why discordant xenografts fail so rapidly, is 

32 the existence in the recipient species of "naturally 

33 occurring" antibodies against eis yet undefined antigens 
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1 of the donor species (Shons et al (£arss. BuTa. Res- 5 

2 26-36 (1973)). The antibodies ar called "naturally 

3 occurring" because they ar© found to exist in 

4 individuals who have not had any inmunological 

5 challenge from the donor species. 
6 

7 The rapid rejection - known as hyperacute antibody- 

8 mediated rejection - of an organ graft is well 

9 documented. In the early 1960s, when (allograft) 

10 Icidney transplantation became a routine treatment/ it 

11 was observed that transplanted kidneys were 

12 occasionally rejected by the recipient whilst the 

13 operation was still in progress. During a transplant 

14 operation, the Icidney will as a rule become red and 

15 firm in consistency soon after the vessels of the 

16 recipient and donor are sutured together. Such 

17 transplants often produce urine almost, imaaediately • In 
IS the form of rejection where the graft is destroyed 

19 while the patient is still on the table (hyperacute 

20 rejection) the destructive processes begin in the first 

21 few minutes or so after transplantation* When this 

22 occurs, the kidney becomes bluish and patchy and then 

23 congested. The consistency of the organ is also 

24 altered* As a rule^ the graft becomes ©edematous, no 

25 urine production occurs and the newly-transpleuited 

2 6 kidney is then immediately removed. It has become 
27 clear that a humorally-mediated immunological response 
2S between preformed circulating antibodies in the 
29 recipient and antigens in the donor kidney are 

3 0 involved. The only way to avoid its occurrence in 

31 allografting is to check before tremsplantation that 

32 there are no antibodies existing in the recipient 

33 against the donor cells ♦ with increased knowledge of 
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1 testing for such antibodi s (toown as th cross matdi) 

2 .it has become clear that this generalisation that 

3 antibody in the recipient reacts against antigens in 

4 the donor is not true and that hyperacute graft 

5 destruction, when it involves transplant© betv^een 

6 individuals of the same species is restricted to the 

7 existence of specific sorts of antibody known as T-wara 

8 positive cross-match; and almost certainly these 

9 antibodies belong to the IgC subclass. Furthermore, 

10 the presence of these antibodies always results from a 

11 pre-existing immunisation procedure either as a result 

12 of previous blood transfusions or as a result of 

13 pregnancy or, jnoet commonly, as a result of a failed 

14 previous transplant* 
IS 

16 The mechanism for hyperacute xenograft rejection has 

17 largely been thought to be much the sajne as the 
IB mechanism for hyperacute allograft rejection, as 

19 outlined above. The literature on the mechanism of 

20 xenograft rejection is extensive, stretctoing back some. 

21 83 years. During that time, only three publications 

22 appear to have suggested a mechanism for xenograft 

23 rejection which does not involve antibodies. The 

24 suggestion was that the alternative pathway of 

25 complement activation was implicated in xenograft 

26 rejection (although not necessarily using such 

27 terminology) . The suggestion first appeared in 1976 in 

28 a paper by schilling et al ^ Surcerv, Gvnaf>efliocTv and 

29 Q^gt^^rics 142 29-32 (1976)). The suggestion was made 

30 again in 1988 and 1989 (the same data vere published 

31 twice) by Miyagawa et al f Transplantatign 46(6) 825-830 

32 C1988) and Transplantation ProeeediTicrg ZX(X) 520-^521 

33 (1989)). However, the results were not conclusive, 
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1 ' because botli these experimentis suffered from 

2 siabstantiially tlie same fault- The model cshosen is 

3 claimed by the authors to be a xenograft model in which 

4 cross-species antibodies did not exist. However, it 

5 now appears that the assays used to detect 

6 cross-species antibodies were inadequate/ and that the 

7 Inferences drawn in these papers were based on 

8 inadequate data* 
9 

10 Host measxires currently taken experimentally to avoid 

11 or reduce rejection in xenografts involve 

12 chamotherapeutically interfering with the recipient's 

13 immune system^ largely on a non-specific basis for 

14 example with cyclosporin A and other 

15 immunosxxppressants , by plasmaphereses, by treatment 

16 with cobra venom factor^ star>hvlococcus protein A 

17 absorption of antibody and so on- This approach 
IS naturally follows from the chemothezrapy that supports 
19 allografts . 

20 

21 This invention adopts a radically different approach: 

22 instead of non-specif ically interfering with the 

23 recipient's immune system^ the invention enables to co- 

24 administration of material which has the effect of the 

25 donor graft being regarded as self by certain 

26 components of the recipient's immune system • In 

27 particularly preferred embodiments^ the donor tissue 

28 itself is modified to appear jLmmunologically to the 

29 recipient to be self in certain respects. 
30 

31 It is has also been discovered that hyperacute 

32 xenograft rejection is not necessarily antibody- 

33 mediated. This arises from two observations. First, 
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1 in the absence al antibody but the presence or 

2 coBipieinent, hyperaeut rejection is observed; secondly, 

3 in the preeenc of antibody but the absence of 

4 coaqjleaent, no hyperacute rejection is observed. 



6 The invention is based on the discovery that ccanpiement 

7 activation is pre-eaiaent in the hyperacute destruction 

8 of a xenograft whether or not such activation is aided 

9 by the binding of appropriate antibody molecules. 

10 Activation of the alternative pathway of eonplement can 

11 be induced by a variety of cell products. These 

12 products are not restricted to foreign-invading cells 

13 such as bacteria or xenografts but exist on many cells. 

14 Thus, in principle, many cells of an individual could 

15 activate the alternative pathway of conplejaent , causing 

16 massive auto- immune destruction. That this does not 

17 happen is due to the existence of a number of 

18 complement down-regulating proteins naturally present 

19 in serum and on the surface of ceils. These molecules 

20 (refer -ad to herein as "homologous complement 

21 restriction factors'') prevent the complete activation 

22 Of self complement either by the classical or 

23 alternative pathway by the products of self cells, thus 

24 preventing the auto-immune destruction of self. The 

25 functioning of such molecules is elegantly illustrated 

26 in paroxysmal nocturnal haemoglobimiria . m this 

27 disease, the membrane anchor of at least one of these 

28 molecules (decay accelerating factoz:) is absent. Thus, 

29 the protein is not retained in the erythrocyte cell 

30 membrane and detaches from the cell, which activates 

31 the alternative pathway of complement and is then lysed 

32 thus causing haemoglobinuria. 



33 
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1 According to a first aep^ct of tbe present invent! 

2 there is provided a n thod of trsinsplanting animal 

3 tissue into a recipient, wherein the tissue is derived 

4 from a donor of a different species from the recipient, 

5 the donor species being a discordant species vith 

6 respect to the recipient, the method comprising 

7 grafting the tissue into the recipient and providing in 

8 association vith the grafted tissue one or more 

9 homologous coo5>lement restriction factors active in the 

10 recipient species to prevent the con^jlete activation of 

11 complenent. 

12 

13 The word "tissue" as used in this specification means 

14 any biological material that is capable of being 

15 transplanted and includes organs (especially the 

16 internal vital orgcins such the heart, lung, liver and 

17 kidney,, pancreas and thyroid) cornea, skin, blood 

18 vessels and other connective tissue, cells including 

19 blood and haematopoietic cells, Islets of Langerhans, 

20 brain cells and cells from endocrine and other organs 

21 and body fluids (such as PPF) , all of which may be 

22 candidates for- trsuisplantation from one species to 

23 another- 

25 A "discordant species" is a species a (generally 

26 vascularised) xenograft from which into the recipient 

27 would normally give rise to a hyperacute rejection^ 
2B that is to say rejection within minutes or hours and 
29 not days (Calne Transplant^Jgroc;; 2:550, 1970). such 
3 0 hyperacute rejections will be well known to those 
51 skilled in the art, and ay take place in under 24 
32 hours ^ under 6 hours or even under one hour after 
3 3 trzmsplantation . 
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1 CoBplemant amd its acstlvati n are now well known, and 

2 are described in Roirc, EiB=?Tr^^^'' TTMTOnglp«yy (Pif-tto. 

3 Edition, 1984) Blaelcwell Scientific Publications, 

4 oxford. The activity ascribed to eomplement (C) 

5 depends upon the operation of nine protein components 

6 (ci to C9) acting in sequence, of which the first 

7 consists of three major sub-fractions termed Clq, Clr 

8 and CIS. Coa^Jlement can be activated by the classical 

9 or alternative pathway, both of which will now be 
10 briefly described. 

11 

12 In the classical pathway, antibody binds to CI, whose 

13 CIS subunit acquires esterase activity and brings about 

14 the activation and transfer to sites on the membrane or 

15 immune complex of first C4 and then C2. This complex 

16 has "C3-convertase" activity and splits C3 In solution 
3.7 Ho produce a small peptide fragment C3a and a residual 

18 molecule C3b, which have quite distinct functions. C3a 

19 has anaphylatoxin activity and plays no further part in 

20 the complement amplification cascade. C3b is membrane 

21 bound and can cause immune adherence of the 

22 antigen-antibody-C3b complex, so facilitating 

23 siibscquent phagocytosis. 
24 

25 In the alternative pathway, the C3 convertas© activity 

26 is performed by C3bB, vho&et activation can be triggered 

27 by extrinsic agents, in particular microbial 
2B polysaccharides such as endotoxin, acting independently 

29 of antibody. The convertase is formed by the action of 

30 Factor D on a coii«)lex of C3b and Factor B. This forms 

31 a positive feedback loop, in which the product of 03 

32 breeikdown (C3b) helps form more of the cleavage enzyme. 
33 
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1 In both the classical and alternative pathways, the C3b 

2 level is maintain d by the action of a C3b inactivator 

3 (Factor I) . C3b readily eonbines vith Factor H to form 

4 a conplex which is broken down by Factor i and loses 

5 its haemolytic and immune adherence properties. 



6 
7 



The classical and alternative pathways are common after 

8 the C3 stage. C5 is split to give CSa and CSb 

9 fragments. C5a has anaphylatoacin activity and gives 
rise to chemotaxis of polymorphs. cSb hinds as a 
complex with C6 and C7 to form a thermostable site on 

12 the membrane which recruits the final cai«5>oaents C8 and 
C9 to generate the membrane attack con^iesc CM&C) . This 
is an annular structure inserted into the membrane and 
projecting from it, which forms a transmembrane channel 
16 fully permeable to electrolytes and water. Due to the 
high internal colloid osmotic pressure, there is a net 
influx of sodium ions and water, leading to cell lysis. 



10 
11 



13 
14 
IS 



17 
18 
19 
20 
21 
22 



Homologous complement restriction factors (Hcrfs) 
useful in the present invention can in general 
interfere^ with any part of the complement activation 
23 cascade. An hcrf may interfere solely with that part 
which constitutes the classical pathway, or solely with 
that part which constitutes the alternative pathway, or 
more usually may interfere with that part which is 
common to both the classical and alternative pathways. 
Xt ia preferred that the HCRF regulator interfere with 
the common part of the pathway. The HCRF may be 

30 identical to a natural HCRF or simply have the 

31 appropriate function. Synthetic and semi-synthetic 
HCSFs, including those prepared by recombinant dna 



24 
25 
26 
27 
2S 
29 



32 
33 
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1 -technology and variants however prepaxed., are included 

2 within tbe tern BCRF. 
3 

4 As Ixas been mentioned above ^ hamolog-oizs complement 

5 restriction factors are substances which regulate the 

6 action of the cos^lement cascade in such a way as to 

7 reduce or prevent its lytic activity: they are used by 

8 the animal body to label tissue as self to avoid 

9 autoimmune reaction • In this invention it is possible 

10 in principle for the HCRF to be either membrane bound 

11 or free in serum ^ although in practice it will be 

12 preferred to have the HCRF being membrane bound on 

13 cells of the xenograft tissue- in this way, it is 

14 easier for the HCRF to be "in association with" the 

15 graft tissue- Preferred HCRPs include putative cell 

16 mambrr ^ factors including the C3b/C4b receptor (CRl) , 

17 C3.dg ^eceptor (CR2) ^ decay accelerating factor (DAF) , 

18 C3b Inactivator and membrane eof actor protein fMCP) • 

19 Putative serum HCRFs include Factor H, decay 

20 accelerating factor CDAF) and C4 binding protein 

21 CC4bp) • These HCRFs all down-regulate the activity of 

22 complement by interference at the C3 stage. Homologous 

23 restriction factor (HRF) , which blocks at C8, is also a 

24 putative membrane factor. 
25 

26 Many,r but not all, of the genes for suitable HCRFs are 

27 located in the RCA (regxilator of complement activation) 

28 locus, which map to band q32 of chromosome l 

29 (Rey-CampoB et al J. m. Med. 167 664-669 (1988)). 
30 

31 Although there has been some confusion with the 

32 nomenclature and location of HCRFs, -the factors C4BP, 
3 3 CRl^ OAF and Factor H are identified by Key Campus sfe 
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1 ^ f loe , elt -^ and in -ttieir earlier s-budy Ejffi- UsS* 

2 X66 246*252 (1987) } • Membrane cofactor protein C^CP) 

3 is treated by some worker© as synonymous vith C4 

4 binding protein (C4bp) and it may be that these two 

5 factors are either related or identical. Rotber and 
€ Till ("The conrplement System", Springer-Verlog, Berlin 

7 (1988)] review the regulatory factors of C3 oonvertase 

8 in section 1*2.3»2; they equate C4 binding protein 

9 (C4bp) with decay accelerating factor and Factor E with 

10 B^^H-protein and C3b Xnactivator Accelerator* No doubt 

11 the nomenclature, localisation zmd characterisation of 

12 HCRPs will continue to evolve, but it is to be 

13 understood that the present invention contemplates the 

14 use of all HCRFs as suitability and preference dictate, 
15 

16 Other references to HCRFs are as follows: 
17 

18 Factor I (also previously known as C3b inactivator 

19 or KSJ") : 

20 Tamura & Nelson (2. rromunol . 99 582-589 (1967) ; 
21 

22 Factor K: Pangbum ^ (J- Exp . Med . 146 257-270 

23 (1977) ; 
24 

25 C4 binding protein: Pujita et al (J. Exp , Med , X4B 

26 1044-1051 (1978)); 
27 

28 DAF (also )cnown as CD55) : Nicholson-Weller et ^ 

29 (J. ImmunoJ, , 129 184 (1982)); 
30 

31 Membrane Cofactor Protein (MCP; also loiown as CD46 

32 and first described as gp45-^70 and further known 
33 
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1 as gp66/56) : Seya SH al (i* BSE- Itefl* 163 837-855 

2 (i9S6)); 

3 

4 CRi (also known as CD35) : Medof jg£ al, (j;, Exp, 

5 Mfig. 156 1739-1754 (1982)) and Ross at al (i- 

€ Tmnrffl 129 20E1-2060 (i982)); 

7 

6 CR2 (also known as CD21, 3d/EBr receptor eaxd 
9 P140): lida ^ 5i (i. E2^. Mod . 156 1021-1033 

10 (19S3)) and Weis sfe (EHftS ai 881-885 (1984)). 

11 

12 The tissue distribution of some of the RCA proteins are 

13 as follows: 
14 

15 CRI: Membrane (limited): erythrocytes ? 

1^ monocytes; most B and some T cells; 

17 polymorphonuclear leukocytes; follicular-dendritic 

18 cells; glomerular podocytes; 
19 

20 CR2r Hemhrane (limited): most B cells; 

21 follicular-dendritic cells; some epithelial cells 

22 and a few T cell lines; 
23 

24 MCP: Membrane (wide) : all peripheral blood 

25 cells (but erythrocytes); epithelial, endothelial 

26 and fibroblast cell lineages; trophohlast and 

27 sperm; 
28 

29 DAF: Membrane (wide) : all peripheral blood 

3 0 cells; epithelial, endothelial and fibroblast cell 

31 lineages; trophohlast and sperm; 
32 

33 C4bp: Plasma: liver synthesis: and 
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1 

2 . H: Plasmas liver syrrcliesis; fibroblaist and 

4 



5 As for proteins involved in homologous restxiction at 

6 the level of the membz^ane attacX complex, the use of 

7 vhich is also contemplated by means of the present 
s invention, there is general agreement (taut as yet no 
9 proof) in the form of a protein sequence that the 

10 following sslcDa (or thereabouts) prot&ins are 

11 identicals 
12 

13 CB binding proteins f Schonermark et SlLm i • 

14 Tmminol . 136 1772 (1986)); 
15 

16 homalogous restriction factor CHRF) (Zalman ^ s^L 

17 itnminolocrg 83 6&75 iZBB^) ) ; and 
18 

19 MA.C-inhibiting protein (MIP) (Watts ^ 

20 (i9ea)). 

21 

22 The C8bp/HRF/MXP protein is attached to the cell 

23 surface by means of a glycolipid anchor, as are CDS 9 

24 and DAF: these proteins are 3cnown to be fTinctionally 

25 absent in paroxysrmal nocturnal haemoglobinuria . 

26 

27 An 18-20 kDa protein is also implicated at the HAG 

28 level. The followdLng are believed to be identical (but 

29 may not be) : 
30 

31 P-IS (Sugita ^ ^ (J. BiocheiD 104 633 (1988))); 

32 

33 HRr-20 (Okada jst ai f Xntl , Immunol 1 (1989))); 
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1 



2 e059 (Davies at ai (2. EXB- Ms^. (Sept 1989))); 

3 and ' 



4 



5 Membrane inh.ibitor of reactive lysis (KIRL) 

6 (Hologuin st 2. fii^a. invest: 84 7 (1989) ) ) . 



7 
8 



The evidence for the putative identity of these 
9 proteins is that the protein and/or cDNA sequences for 
ca>59 and HRB'-2 0 are shown to be Identical: probably 

11 they are the sane as P-18/MIRL also. it should be 

12 noted that there is some homology of the CD59/HRF.20 

13 sequence with that of murine i.y-6 antigen, which is 

14 involved in T-cell activation (Gronx s£ OL- Imaaasl. 

15 X42 3013 (1989))), 
16 

17 SP-40.40 is also involved in krc regulation (Kivezbaum 

IB £t ^ SEQQ 8, 711 (1989)). 

19 

20 xt is preferred that the hcrf interfere with complement 

21 activation at the C3 stage. MCP and DAT both blocJc the 

22 positive feedback loop in the alternative pathway of C3 

23 activation, and these constitute preferred HCRFs. 

24 

25 The HCRF is provided in association with the grafted 

26 tissue. This means that the HCRP is administered in 
such a way that the graft tissue is labelled as self, 
but other foreign material, such as invading bacteria, 
are not significantly so labelled. it may be possible 
simply to administer parenterally, but locally to the 

31 graft tissue, one or more appropriate HCRPs. However, 

32 in practice this may not be preferred because of the 

33 difficulty of causing adequate localisation of the BCKF 



27 
28 
29 
30 
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1 ' at lilxe gr-af-t lilssue and because of -Uie TvLXiAa^ 

2 difficulty tbat tha HCRF may liave to be repeatedly 

3 atdiiLi2ilst.erBd to the recipient after tbe graft has taXen 

4 place; however, this could be overcome by the use of 

5 specialist phazmaceutical deliv^ery systems. 
S 

7 Xt vill generally be much more convenient to provide 

8 the BCRF in such a vay that it ie integrated vith the 

9 cell membrane on donor tissue. Although there may be 

10 some benign infections of the transplanted tissue vhich 

11 could cause suitable escpression, by far the most 

12 preferred route of achieving this end is for the donor 

13 tissue to be transgenic in that it contains and 

14 expresses nucleic acid coding for one or more Hcrfs 

15 active in the recipient species when grafted into the 

16 recipient. such transgenic tissue may continue to 

17 eacpress an HCIIF indefinitely. The HCRF may be 

18 genetically derived from the recipient species or less 

19 preferably from a closely related species for which 

20 concordant stenografts may be possible. 
21 

22 Although in principle the transgenic donor tissue may 

23 come from a cell culture ^ it is preferable for the 

24 donor tissue to come from a transgenic animal. The 

25 transgenic animal should express (or be capable of 

26 escpressing) the hcrf in at least the tissue to be 

27 transplanted, for preference • However ^ even this is 
26 not essential, as it may be possible to bind the HCRF 

29 to the cell membranes of the donor tissue by some 

30 binding agent (such as a hybrid monoclonal antibody 

31 fKilstein & Cuello Nature 305 537 (1983)) or receptor. 
32 

33 
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1 THe recipient, species will primarily be human, but not 

2 exclusively. Other prinat b »ay be suitable 

3 recipients, as may any other species vhere the 

4 econouics and ethics permit. 
5 

6 The donor species nay be any suitable species which is 

7 difSarent from the recipient species and which, having 

8 regard to the physiology of the recipient spades is 

9 able to provide appropriate tissue for transplantation, 

10 For human recipients, it is envisaged that pig donors 

11 will be suitable, but any other species nay be 

12 suitable. 
13 

14 According to a second aspect of the invention, there is 

15 provided graftable animal cells or tissue of a donor 

16 species, the cells or tissue being associated with one 

17 or more homologous complement restriction factors 

18 active in the intended recipient species to prevent the 

19 complete activation of complement, the donor species 

20 being a discordant species with respect to the 

21 recipient species. 

22 

23 According to a third aspect of the invention there is 

24 provided a transgenic animal having transplantable 

25 tissue, which dees not give rise to xenograft rejection 

26 on transplantation into or exposure to the immuno 

27 system of at least one discordant species. A 

28 discordant species is one which would normally 

29 hyperacutely reject a xenograft from the animal. 
30 

31 The invention therefore encompasses the use of animal 

32 tissue derived from a donor species and one or more 

33 homologous coadement restriction factors active in a 
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1 recipient: species, wherein th donor species is a 

2 discordant species in r lation to the recipient 

3 species, in the preparation of tissue graf table into 

4 the recipient species* 
5 

6 According to a fourth aspect of the invention, there is 

7 provided a transgenic animal having cells capable of 

8 expressing a homologous complement restriction factor 

9 of another spec iee • The homologous comp 1 ement 

10 restriction factor will generally be active in a 

11 species ^rtiich is discordant with respect to the species 

12 of the transgenic animal. The cells may be of one 

13 particular tissue, with preferences being as described 

14 with reference to the first aspect of the invention, or 

15 of more than one or all tissues, in which case the 

16 animal may become a donor of more than one tissue. 

17 Such a transgenic animal may be regarded as a 

18 collection of non-transformed (in the sense of 

19 non-prolif erative) cells. 
20 

21 According to a fifth aspect of the invention, there is 

22 provided a non-trans formed animal cell capable of 

23 expressing one or more homologous complement 

24 restriction factors active in a species which is 

25 discordant with respect to the animal cell* 
26 

27 According to a sixth aspect of the invention, there is 

28 provided recombinant DKA comprising DNA coding for at 

29 least one homologous complement restriction factor and 

30 one or more sequences to enable the coding DKA to be 

31 expressed by a non -trans formed animal cell* The animal 

32 cell may be a cell of a trsinsgenic animal genetically 

33 incorporating the construct- As an alternative, the 
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1 c&lX may be a cultnz-ed organ or ther tiissue such as an 

2 Isl t of Langerhans • 

3 

4 According to a seventh aspect of the invention, there 

5 is provided a genetic construct suitable for 

6 incorporation into the genetic material of an animal to 

7 produce a transgenic animal, the construct comprising 

8 DKA coding for at least one homologous complement 

9 restriction factor and one or more sequences to enable 

10 the coding DNA to be expressed in at least some cells 

11 of a transgenic animal genetically incorporating the 

12 construct ♦ Such a genetic construct may be in the form 

13 of a mini chromosome Icnown as a ?AC* As above, the 

14 homologous complement restriction factor will generally 

15 be active in a species which is discordant with respect 

16 to the species of the transgenic animal, 
17 

IB According to a eighth aspect of the present invention r 

19 there is provided a method of prepeuring a transgenic 

20 animal, the method comprising incorporating into an 

21 animal's genetic material DNA coding for at least one 

22 homologous complement restriction factor and one or 

23 more sequences to enable the coding DNA to be expressed 

24 iji at least some cells of the transgenic animal. 
25 

26 Methods of producing transgenic animals are in general 

27 becoming more videspread, and the detailed steps to be 
23 taken may be as now conventionally used in the airt- 

29 For eicample, WO-A-8800239 discloses the steps needed in 

30 principle to construct a transgenic animal. 

31 

32 The actual method of incorporation of the construct 

33 into the cells of the transgenic euiimal may be by 
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1 micro-inj ction^ by sperm-iaedlated incorporati n or any 

2 otJher suitable metliod- The preliminairy 9«ziet:ic 

3 nanipolatioxi may be carried out in a prokaryote, eis is 

4 generally preferred* 
5 

6 DKA coding for BCRFs is eitber available in cDKA £om 

7 or may be deduced using conventional cloning 

8 techniques. The DNA coding for decay accelerating 

9 factor (T^) i£ probably the best characterised and has 

10 been described by Medof e£ ai ^ FNAS 84 2007-2 011 

11 (1987)). A physical map of the RCA gene cluster is 

12 given in Rey-campos (1988) f Xoc- cit, ^ . Variants 

13 of DAF and their preparation by recombinant DHA 

14 technology are disclosed in EP'-A-02442€7 ; such variants 

15 may be used in the present invention. 

16 

17 Because of the better characterisation of t2ie genetics 

18 of DAF, and the known sequence of cDNA encoding DAF/ 

19 DAF constitutes a preferred homologous complement 

20 restriction factor. 
21 

22 Other preferred features of the second to seventh 

23 aspects of the invention eire as for the first aspect, 

24 mutatis r ^it^TlfliP 
25 

26 The invention will now be illustrated by the following 

27 excunples. xn the examples, reference is made to the 

28 drawings in which: 
29 

30 FIGDHES lA to IE Show successive £CG traces for a 

31 rabbit's heart grafted onto neonate pigs in 
22 accordance with Example 1; 

33 
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1 FIGURE 2 shows t;h r suit of a radioiamiinoassay 

2 Indica'ting tha^t, th^ pi9£ used in Eacample i had no 
2 significant eunoun'ts of antispeoies antibody; 

4 

5 FIGURE 3 shovB certain stages of protein 

6 Glectropboresls, as used In Bscas^le 4; 
7 

8 FIGURE 4 Shows certain stages of two dimensional 

9 crossed elecrtrophoz-esis^ eis used in £xa3Bple 4? 
10 

11 FIGURE 5 shows the ZD-Rockets" resulting from 

12 Example 4; 
13 

14 FXGUEE 6 shows the result of a chromium release 

15 cell lysis assay in Exaatrple 5? 
16 

17 FIGURE 7 illustrates titres of lytic anti-hamster 

18 emtibodies from a rat recipient of a hamster heart 

19 graft, -pzre-tramsplant (day o) and days 5r 1 and 9 

20 post-transplant, as described in Exaa^ple 6; 

21 

22 FIGURE 8 shows graphically CDs of G200 fractions; 

23 the histogram illustrates titres in each fraction 

24 of lytic anti-hamster antibodies from a rat 

25 recipient of a hamster heart, as described in 

26 Escasple 6; 
27 

23 FIGURE 9 Shows a Southern blot of DNA extracted 

29 from T5^ blO and DB3 cell lines, as described in 

30 Example 7; 
31 

32 FIGURE 10 shows ^^Cr release figures, indicative 

33 of T5 human cell line being lysed by rabbit 
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1 complement hut n t human complemont in. the 

2 presence f pig anti-human antib dies, as 

3 decscribad in Example 7 ; 

4 

5 FIGUBE 11 shows release figures, indicative of a 

6 failure of human antibodies to lyse T5 human cell 

7 line either vith human or rabbit complement, as 
B described in Eicaa^jle 7; 

9 

10 PXGURE 12 Shows ^^Cr release figures, which 

demonstrate that human antibodies can lyse a 
mouse-mouse hybridoma CDB3 ) in the presence of 
13 both rabbit complement or human complement, as 

described in Example 7; 



FKTORE 13 shows ^^cr release, illustrating that 
the htuaan-mouse hybrid cell line BIO is lysed by 
18 human antibodies in the presnce of rabbit 

complement but not lysed by htiman antibodies in 
the presence of human complement, as described in 



2^ Example 7; 

22 



TZGUHZ 14 shows uptake of adenine (in counts 
per minute) by CHO cells, showing that these cells 
are Iciiled by immune rat serum in the presence of 
human complement or rabbit complement, as 
described in Example 8; 



29 FIGURE 16 shows uptake of ^H adenine in counts per 

30 minute by CHo cells transfected with human mcp, 
showing that these cells are killed by immune rat 
serum in the presence of rabbit con^iement but are 

33 not killed by this immune rat serum in the 
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1 presence t human canrplement/ as described in 

2 Example e ; 

3 

4 riGDRE 16 Shows "2D roclcets" shoving that, in the 

5 circuastances described in relation to Figure is, 

6 the C3 component of himan complement is not 

7 cleaved to form C3to, ae described in Example 8; 
8 

9 riGORE 17 shovs ^^cr release figxires, indicative 
of 3T3 mouse fibroblasts being lysed by naturally 

11 occurring antibodies in the presence of human 

12 complement and the protective effect of the 
^2 easpression of human MCP by the mouse cells; and 

14 

15 FIGURE 18 shows a slot blot analysis of DKk of 
second generation transgenic mice using labelled 

17 MCP cDKA (upper) or labelled DAP cDHS. as a probe - 
18 

20 

21 3£^oet7raft ReSectipn Takes Place in the Absence of anv 

22 Antispecves Anti ibat^ S 
23 

24 Zn general, animals cannot survive vithout circulating 

25 immunoglobtilins . These are produced by lya^jhocytes in 

26 response to antigenic stimuli, in early neonatal life, 

27 however, passively transferred maternal innmanoglobulin 

28 acts as a temporary substitute for this self -produced 

29 antibody. This passively transferred immunoglobulin 

30 confers protection on the young while early immune 

31 experience is acquired. In mammals this passive 

32 transfer of maternal immunoglobulin usually occurs both 

33 transplacentally and via eolostrua. In a few species, 
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1 however;, the stiructure of the placenta is such that no 

2 . matexnal antibody can be transferred by this route. 

3 The pig is one such species. All maternal antibody is 

4 Obtained from colostrum. Thus, new bom pre-5ttc}5led 

5 pigs are in principle inmiunoglobiilin-free. 
6 

7 Iiarge ^ite pigs were taken at birth and placed in a 

8 wooden cage warmed by hot-water bottles without being 

9 allowed to suelcle- Two pigs from each farrowing were 

10 taken for each experiments These animals weighed 

11 approacimately Ikg at the tiBe of birth. 

12 

13 Baby New Zealand white rabbits weighing approximately 

14 soogms were used as donors- These donors were 

15 anaesthetised with hypnol and diazepam^ the chest was 

16 opened and a vena cava cemnulated by means of a 19 

17 gauge needle. Cold (4-4 'C) cardioplegia (Thomas No, 2) 

18 was infused until the heart stopped beating and had 

19 become perfused with cardioplegia. Cooling was also 

20 applied externally with cold cardioplegia directly from 

21 a syringe. The rabbits heart was then removed using 

22 Standard surgical techniques and stored in cardioplegia 

23 solution at +4'C until required. It has been found 

24 necessary to take these precautions because the rabbit 

25 heart proved to be highly susceptible to ischaemic 

26 damage. 
27 

28 Recipient pigs were anaesthetised initially by 

29 Ralothane/02 inhalation. An intravenous butterfly (23 

30 gauge) needle was then inserted into a mammary vein, 

31 euiaesthesia maintained by intravenoxis ketamine. The 

32 pig was simultaneously kept hydrated with intravenous 
33 
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pre-transplant - 



Ihe Mbbit heart vaa sraft^l irto the B«ac of th. b±». 

^«3«e-,„ aS7l„. The aorta 
™s to side (5-0 prolene, to the carotid artery and t^ 
P^t^ artery aneeto^Leed to the Jugular ^ 
other oardlae veesel. vera llgated. ^aJ^'i, 
heatln, wlthlh a ... J, renovarrcl^r 



12 
13 

14 cling film 
13 
16 

17 ^7 lA to IE. The 

18 
19 
20 



■r^ ZCS reeuita are ehown in Figure. 1* to IE. 
^Sia^arter'r" " ' ™ """^ 

- CFl^re 10. there irr^e^ietrienrrt^heT 
21 cv:Ldencing hyparacute ^ej action. ' 



22 

"^e^^T"^* r'^l'" ^".onetrate. that hyperacute 

ire:>ecrion of dxscordant xenograft tav*.o = 
25 the absence of antibodies "^^^ ^ 

26 

27 

2d 

29 

30 

31 

32 

3 . 
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1 EXaMPE^ s 
2 

3 Th? Heona-feal Pigs used in R^c^ie i ha v e no An-e-i ■r^p Ar.-i 

4 Anfeibodv 



5 



6 Rabbit anti-pig igG was radioiodinated by the aetbod of 

7 Greenwood fit ai/ BiQCheini cial Joni-nal as 114-123 (19€3) 

8 modified by Davies and Howard (not published) . 
9 

10 The following are added into a polystyrene tube :iiP2 

11 S C3B1 X 1 can) in rapid succession; 
12 

13 25-SOMl protein (at Ung/ml cone) 

14 3-4H1 »a"^I (100 inCi/ml) 

15 IOmI ch-loraaiine-T (*4mg/5ml; 0.5H) 

16 sodiun phosphate buffer (pH 7.5) 

17 * must be freshly prepared before use 

IB 

19 These eomponents were allowed to alac for 3 0 seconds 

20 with continuous agitation. Then the following were 

21 quickly added: 
22 

23 50^*1 Dl.-tyrosine (sat. sol, in CSml sodium phosphate 

24 buffer pH 7.5) . 
25 

26 300^1 2% BSA/PBS/azide 
27 

2a The labelled protein is then separated from the 

29 unreaeted iodine, by the use of a small column 

30 8cm X l.OCTi of Sephadex S-25 mediim grade made up in 

31 PBS/azide. ,..H^& iodination reaction mixture is 

32 quantitatively transferred to the prepared G25 column 

33 and eluted with PBS/azide. six drop fractions are 
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1 coll ct:ed into p lystyren tubes fI<P2) . The coliann is 

2 eluted until both th protein and the C^^^l) iodid 

3 pea)cs have been eluted and the radioactivity in all of 

4 the fractions is neasured. 

5 

6 The radioactivity incorporated into the protein can be 

7 calculated thus: 
8 

9 radioactive counts in protein ^ original total 

10 counts - counts in iodide pealcs 
11 

12 The radiolabelled IgG (referred to now as "isotope") is 

13 then used in an assay for (pig) antibodies in the 

14 neonatal pig^. as follows: 

15 

16 ttatfrrials 

17 

18 PBS 4- 0.01% Azide - Oxoid 

19 PBS/BSA 1% - BSA-Sigma 

20 Isotope • rabbit anti-pig IgG vhole molecule with 
12-lS X 10^ counts/ttin. 

22 Heat inactivated sera (56 "C 30 mins) 

23 Anticoagulated blood saa^sles, 
24 

25 Method 
26 

A 1% suspension ot rabbit red blood cells in PBS 

2S vas prepared ajid loo^l amounts were added to 

29 tubes* Cells are spun to a button discarding 

3 o supernatant • 

32 2. serial dilutions of inactivated sera were prepared 

^2 PBS/BSA from adult pig (positive control) , 
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1 neona-bal pig (test sample) r rabbit (n^ative 

2 control}* 0«025ib1 amounts vere added to red cell 

3 buttons in duplicate. Tubes were incubated at 4*c 

4 for 4 hours. 

5 

6 3. After Incubation tubes were washed three times in 

7 PBS/BSA 0 . 05ml of Isotope was then added to each 

8 tube and incubated overnight at 4*c« 

9 

10 4« Tubes were rewashed three times and 1 min counts 

11 were performed on gamma counter « 

^2 

13 5. Results are plotted as number of counts/min 

14 against titre. 
15 

16 The results are shown in Figure 2. Rabbit serxm was 

17 used as a negative control and adult (ie suckled) pig 

18 serum a positive control- It can be seen that the 

19 level of pig antibody in the pre-suckled pig 2 is 

20 comparable to that of the negative control. 
21 

22 EXaMPIcE 3 
23 

24 Demonstration of Relevance of Coinp; Leinent C3 to 

25 Xenograft Pestrugrtion 
26 

27 Complement deficient guinea pigs derived from the 

28 Strain described by Burger at al (SHE- i» Immunol 16 

29 7-11 (1986)) were grafted vith hearts using essentially 

30 the same technique as that described for the 

31 rabbit-to-pig xenografts in Eraa^le l. Rats were 

32 anaesthetised with ether inhalation and hearts cooled 

33 with cardioplegia and excised as previously described. 
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1 Guinea pig donors were anaeetlie-tised wi«i intravenous 

2 Valium and intramuscular bypnol, Haarts were ijo^lanted 

3 into tlie neck as previously described ♦ For control 

4 guinea pigs, i.e» those with. nanniaJ. ccss^lement levals, 

5 graft rejection normally took place within a few 

6 minutes, thus making it unnecessary to close the neck. 

7 In experimental animals the neck was closed and hearts 
B monitored by twice daily palpation ♦ Normal ECGs were 
9 observed for several hours post surgery^ indicating no 

10 hyperacute rejection. 
11 

12 TUKfKPV^ ^ 
13 

14 A. Pld r^ymphocvt^s arid Kldnev Cells Activate Human 

15 complement bv the Alterna tive Pathway 
16 

17 Following the technique of Grabar and Williams 

18 (BiafiHiB- Msaahxa- 4sta lO 193 (19S3)), agarose gels 1 

19 were poiared onto 8 x scm glass plates (Figiire 3) ♦ lOml 

20 of gel miacture was required, and this consisted of Sml 

21 2% agarose and Sml veronal buffer (VB) . . (VB is 75mM Na 

22 barbitone, lOmM EDTA^ lOmM NaK3, pH 8. SO The sigarose 

23 and VB were mixed together at 60 'C just before use- 

24 Oels were poured and cooled on a level platform- 'When 

25 set, the gel consisted of 1% agarose and had a depth of 

26 about l.Smm. 
27 

28 Wells 3 with a diameter of 3mm were cut about 1cm from 

29 one end of the gel. Each well could contain about a^l 
3 0 Of the sample to be run, The sample had no special 

31 preparation apart from the addition of enough 

32 broaophenol blue to colour it* After application of 

33 the sample the gel was carefully placed onto the 
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1 platform of th elecrbroph reals taiUc. Cotton wicks 

2 soaked in VB (the running buffer) were then gently 
pressed along the edge of the gel nearest the wells, 
and another wick was pressed onto the opposite edge of 

5 the agarose. (It is important to ensure that the ends 

6 of the wicks dip into the buffer reservoirs.) A 

7 current of 25-30 mA was then passed through the gel 

8 until the albumin (visualised with bound bromophenoi) 

9 reached the positive (anode) wick. The process takes 

10 about two and a half hours to three hours, if two or 

11 more gels are to be nm aiinultaneously and in parallel 

12 then the current applied must be increased accordingly 

13 so that two gels required 50 mA and three require 73 

14 jsA, and so forth. 
15 

16 When electrophoresis was complete, as indicated by the 

17 travel of an albumen marker 9 visualised with 

18 bromophenoi blue, the gel was removed from the 

19 electrophoresis tank, 
20 

^ a-Piaengional CT-oaeftd Ji^ jnunaetl f.a iz Tronhar^^La f2-D 

22 l^gpHgtg). 
23 

24 Strips 11 (Figure 4) containing the electrophoresed 

25 proteins from (A) , were cut and laid at one end of a 

26 new glass plate 13. A 1:1 mixture X5 of 2* agarose :VB 

27 containing about i% antiserum to the protein to be 
visualised was then poured onto the plate and allowed 



28 



29 to set. The antiserum was added to the agarose/ VBS 
mixture when this had cooled to a temperature of about 



30 



31 50»C. 
32 
33 
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3 dx»a».«n strip. =o«,e««i via a cotton JioJc to ! 
* n.„ti.. al.=tro-. (=ath=ae, 17 ^ tb. =Jo.Le U 

5 con^ectea to an anoOe 19. T^l' „™e 

6 ele£rfcfrtttH<piv*^«^-a . were 



sx^e Of ti.a geis; 10^ is needed far each 8cm len^ at 
8 gel so that a gel of iscm lenoth 

S carir^. length reguzres 20 jnA of 



10 

11 

12 
13 
14 
15 



the first dimension and quantified • and visualised bv 
alactrophoresis in the s^^-nr,^ ^* . s^axised by 

th-. T,™ second dimension, staining for 

the pu3^ose Of visualisation vin described. 



I^Lrrri^""' conventional 
x»„unoelectrop,,oresis or rocJcets . The gel to be 
stained was covered with 



20 



»_<iVMaQ was covered with l lave-i- *>*v. 
21 /Trad*. ^ fibre-free POSTLIP 

« a^^orbent pap eT^JiLt"" r'""' ' 

24 , u towelling. The aMeably vas BguasJ>«3 

25 tl . -o ' " "'^'^ ana 
'i* the p. -ocass r^eated. 

26 

T^.^:.'.^"^. — unoe. a 
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^ — w«i=, uLtTiea under" a 

cn;rrent of wana air and then soaXed in PBS for at least 

30 '^"l*.V^^-"-^--^P^^-^'^ protein. The gel ^^s 

31 scluticm Of 0.5% w/v coomasie brilliant blue S250, 45% 

32 BjO. 45% methanol, io% acetic acid 
33 
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10 
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14 
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16 



Figure s is a reproduction of the dry a-i . . 

a negative control containing sLf^o^; h ' ^ 

fBHS) plus 2Sul VBS ^"^^ 

*- «i»MJ. VBS including lonM Eei-a T>^m, . 

Chelator Which r«ove» «1=1,L, 1^,^ , " " 

activated by the alt!^» ==»Pl«Mt e«> only 

control, tnerefore, the email ^ »a C3. in the 

only a „i„o, of co^ T" '^''^ indicates 

™^ of compieaent activation. 



" s.'tsr.^^o^^L^' ^r.-^. r - 

19 not significant 4« slight, but probably 

-'■"-yaixicant, incr-ease in the -i , 

20 indicating that pia ervth^ Z «^^^^y 

21 all, activ^e htL^^°^^ marginally, if at 

22 pathvay. The reason for tTiT ^ alternative 

23 clear. tHis poor response is not 
24 

25 In Sockets 3 and 4 rsa -, 

26 Pig icidney cel!^ .w^. ^ ^^^Pl^o^ytes (v/v) or 75% 

buffer coL^ riLT^^^^^'"^^^' 

wocjctaix. In each ease 



27 
28 
29 

30 

31 

32 

33 



°«xror coclctail. I„ case th«re «s an ^ T 

rx« in the 03bi Wel. in4i=atl^a^va«= 
co^lement by the pi, l^„oyt« 
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3 

4 
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A chromius, release assay was us«d 

Pig co>.pie»ent, baby rl^.I^ Presence of either 
Element. ^ °«apleaent or huaan 



13 
14 
15 
IS 
17 
18 
19 
20 
21 
22 
23 
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9 
10 
11 



I^hocyta separation . 

HPKI 1640 + 10% inact. ITS ' 

PBS (Without azide) - oxoid 

V welled Plates - Sterilin 

Bai'y rabbit comp Xympb - Sera - i,^, 

co>ipiei.eat (dilutes 1+7 in rrkd ' or pig 

Heat inactivate sera fss-c 30 aL, 



2^ °^^i^rinated Whole r,,-^ v., ^ 

^ layer.4 onto ^ f' ^""^'^ in P« 

26 1 ^ *-"vo an equal volume of p^f^r^iy « 

lyx^phoeyte separation »edi«.. rt.V^^°^^ ^"^^"^^ 

resulting Pig ijnnpbocytes at th. ■ . 
were removed and washed in pbs ^^T'^'^ 

-s resuspended in ^ ^^40 and ^f;,,?' °" 
adjusted to 2 X loVal. "^""^ 



28 

29 2. 

30 
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1 • 200^ Of 51=, war. to . 2 , „7 ^ 

2 coils and inoub«oi at roo, t«,p for 1.5 

^ hours. 
4 

5 4. I^iea oous «„™ waah«l t„lc. at ,009 for 5 .in 

7 r^r^sff "^'""'^ " " Of 1 

8 

J 5. 0.05.1 amount, of ln»ctivat«a «r, under te« as 

11 "'""""^ duplicate, to^ot^ar vith 

rro::i"^':rir:.'«s.°-°::::tr^."^"'" 

14 1 K ^ ceils. Plates are incubated 
for 1 hoar at 30-C in a co, oven. 

15 ' 

" -a« apun for 15 -ins 

17 at 900, 20-c to .«um«,t tho =au.. „o«l Of 

^ auLnute counts are nm-Fi-n-ni^r^ 

20 perioraed on gaama counter. 

21 7. Results are plotted as . % of t2.e count the 
2^ orxgxnal labelled cells against titrn. 

25 

2S Negative control - sOmIs cells ioomIs reki 

2^ c^npleiaent control (cc, - so^^ls cells + so^ls dil^d 

30 comp, + BO (lis jiPKi 

3i 

32 

33 
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1 ' Resti 
2 



2 
A 
5 



10 
11 



The results are sHawn ±n Figure 6. It be seen that 
pxg lymphocytes are lyeed by htman serum only in the 
presence of non-pig (ie rabbit or human) complement 

6 but not in the presence of pig complement. The 

7 inference is that one or more homologous complement 
restriction factors present on pig cells suceeesfully 
down-regulate the action of pig eon^jiement but not the 
action of human or rabbit complement. 



S re 

9 



The purpose of this example is to demonstrate that 
antibody can cause hyperacute rejection. The concept 
upon Which this application is based arose as a result 



12 EX&Myr.T! ^ 
13 
1-4 
15 
16 

T7 ^1. ^ ~ "* '^wBc as a resuit 

17 of the Observation that hyperacute rejection may taJce 

18 place xn the absence of anti-graft antiboaie. but 

19 requires functional complement. Because this is a 

20 novel Observation there are no experiments in the 
literature which formally demonstrate that antibody can 
cause xenograft rejection. since in the presence of 
naturally occurring antibody it is difficult to 
determine whether these antibodies are playing a role 
or not such an experiment is not easy to perform. m 
«iis example the role of antibody has been demonstrated 
hy turning a concordant xenograft into a discordant 
xenograft by infusion of antibody of appropriate 

30 IIT^TT ^='=^P^"»^- "-«<^ study were male 

30 rats Of the PVG strain (RTxc, cBanting a Kingdom, 

31 Bicester, oxon. , tTK) between 3 and 6 months old 

32 weighing 250-300 g. Heart donors were Syrian hamsters 

33 also Obtained from Banting & Kingdom and weighing 
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24 

25 

26 
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1 toetw en 100 and ISO g. Hear* 



4 
5 
6 
7 
8 
9 

10 

11 

12 

13 



r^s joining the aor^a to t^e carotid artery J 
PulMonaxy artery to the jugular vein by »eans o^ a aJt 

st'^eTLt """" ^^^^^^^ 

started beating iBxautes after the release of vascular 
ol^s and were monitored by external palpatlln^ 
^tlo^ were carried out on ani^,. ana^e^ed^ 
inhalation of haiothane and ossygen. 

Anti-hamster lytic antibody levels were ^ 

13 follows: 50 ^1 Of 1% ba^er e^^I! measured as 

14 added to 50 ul ^-.T^ erythrocyte solution were 

15 =eriallv so , . ^"""^"^ ^^'^ «^^-t;ed 
serially. so a1 of a i in 7 dilution of baby rabbit 
coB^lement (Sera Lab, Crawlev nr««, . rabbit 

. ^ crawiey Down, Sussex) were added 

aaa incubated for 1 hour at 37»c. 



16 
17 
18 



f±3cai.^«.p, ^4-. coa^jiement 
aolutlesn «-r ««T>_ . . ^^'^ * 1* 



22 
23 



o/Ni,,*.^ ^ wdtex aaded 1 



=•415 

25 



«™ ^ separated into their 

c^onent protein fractions by column chro^atograp^ on 
SEEHiDEX G200 (Pharmacia GB Ltd LondonT^ ^ 

, uurxing in Exo. ^r, phys^m ^.^^ 
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1 aiaSll^ 3 fl.970) 4X7-484 fC A KarV,,- »^ 

2 Pres«, Lc.,^,„ ^ i9;or^' "^""^^^ 



4 

5 
6 
7 
8 
9 
10 
11 
12 
13 

14 To 



is a trade mark. ) Each «^ ^-w setodzx 
^ro. the column' w 1«! ^ ^-^ions ccli«cted 

that despite the fa=t ® demonstrates 

activity resides almoH^ ^fting the anti-species 

fraction. After Lsay^J f XgK 

concentrated using acio uitraflltt^^^' ^'^^^^^ 
concentration of o s tf^'^^''^ CPhariaacia) to a 

used. "^/"^ and stored at -70-0 until 

'TO te^t for their ability to destrov a 

oppos . eel's 

grafted xnto the neCcs of „aiva ^tT^ T ''^^ 
hamster heart beat was es-b«>.w u as the 

serum or 0.5 of p^ifHr^"' 

lytic anti^hamstL I/iol ^"^'"^^^ containing 
venously into the rat ^"'"^"'^ 

ipg Of c.^V . ? «-«eparated serum and 

preparations causing th. ^''^""^^^^^"^ with some 
others, the graA oonl . ^^^^ ^^^^ ^^^^^^ in 

tli^ G2O0 c=lu>m i^^^^ ° sro. 

«lvay. aurrived ana ve„ ™-> 1- """"""^ '"^'^ 

r; SJ".^' '^^^ 

hyperacute destruction. induce its 
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1 Exawp^,^ 7 

2 

3 The data so far presented in this application have 

4 deaonstrated that the destruction of a xenograft can 

5 involve coa^jleaent activation either by the alternative 

6 pathway or by antibody-mediated oonplemeat activation 

7 (the classical pathway) . Furthermore, complement 

8 regulators on the surface of the xenograft target can 

9 protect it from destruction by homologous but not 

10 heterologous complement. The critical activation step 

11 common to both complement activation pathways is the 

12 cleavage of the coasjleaent eoinponant C3. This cleavage 

13 is brought about by the C3 convertase, C4b2a (the 

14 Classical pathway C3 convertase) or the convertase 

15 C3bBb (the alternative pathway C3 convertase) . These 

16 eneyaee cleave C3 to C3b which, in turn, can engage the 

17 alternative pathway to form more C3 convertases (the 

18 feed-back loop) . As a result the complement system is 
rapidly able to amplify the deposition of C3b on a 
"foreign" target. Much of the C3b however does not 
successfully interact with the foreign target and 

22 remains in the fluid phase and can thus 

23 indXEcriminately hind to the cells of the host. m 

24 order to protect these cells from attack by ' the 

25 indiscriminate binding of complement, control proteins 
have evolved to inactivate eoim>iement coa^^onents either 
in the fluid phase or bound to self tissues. Those 
glycoproteins which are involved in controlling C3 are 
genetically all associated within one region of human 
chromosome i called the RCA (regulators of complement 
activation) locus. _ in this example we demonstrate that 

32 mouse cells which have acquired through fusion 
techniques the human chromosome 1 and express proteins 
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20 
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1 Of the Rca locus on their surface behave in an in siiro 

2 assay of xenograft destruction as th ugh they were 
human cells and not uouse cells. 



2 
3 
4 
5 
6 
7 
8 



10 

u 

12 



TS is an Bpstein Barr virus -transformed tonsil B-cell 
ixne produced by the technique of Bird fit al. (fiat™ 
2e. 300-301 CI.B1,). BIO is a hU^„\^i-^f^ 
monoclonal antibody producing hybridoma which was 

l"rrLl™.r - ^u^an B lymphoblastoid 

line rSLL) with the mouse myeloma cell line X63-AG8 653 



(aerney at ai. (J. imminoi 1S3 i548-isso (19791 1 ts 
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17 " ""^^^^ hybridoma cell lin^e whic^ 

17 -^i-Progesterone monoclonal antibody (Wright 

1« «t ai. „3 ,^3_^^^ ^^^^^^^^ T^e following 

19 cligonudeotide primers ^ecific for human chromosome 1 



were procured: (S'-CC&CASGTGTAACATTGTGT-S ' ) [SEQ ID 
no: 13 and (5'-GAGA2asTGTGATCTGAGGC-3' ) fSEQ ID NO: 2]; 

22 these are, respectively, upstream and downstream 

23 primers of buman antithr«nbi„ 2 (At3) ge„e l«own to be 

26 bv telr^'- °^^~-^^^-^^^^^^^ised 
26 by techniques well icnown to those skilled in the art. 

High molecular weight genomic Dka was prepared using 
the method of Herrmann and Frischauf fBethoda r^^^. 

cultured cell line were lysed by 5ml of tne (loomM iris 
PH 7,5, loomM Nad, lOmM EDTA 1* Sarkosyl) and treated 
with fresh proteinase K (lOO micrograms per ml) The 
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^ preparation was e«ra«^ 

was perfomoH Action fpcR, ^ ^ am. 

" -"it. o/L'^= ™« -To/ "" " ""tainl^^ 

osoro.e sal rm, * Jl"" ««ly£.<«i 4tr.«av " " 
froauot sise w« ^J^^ "'"'= »=ia B0T4 iT^ ' " 

<=>tLt«rM M, BIO 

antibody I r< ^'"'•ler-atlno with 

"•onoclonal -../.^ reacted with ^ «»tibody. 

.«i^oa, ^„ ^^^^ aoV^"" 
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i«=ub.tio„ for 2 hours o„ loe the e^! ! 
•"ini»g controls. Sinoe dm^. "'""^ 

Bin.^, Bt:Ls:i:":^jr^ » ^ 

anti-mouse is preabsorbod vii.>, ^ 

.... rLrtoTL^T""^ « °- 

"activity ooourrin, vhen ,tia:.i„, 

p^le were e««»i»ely w-^h^ . " «k 

»e=.to„ =ic..Lo„ A"^"- -^"^ • 
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7 
8 
9 
10 
11 
12 
13 
14 
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16 
17 
18 
19 



nuor.soena.-.ctivated oeli loir 

*t>s PGR aethod was usaa to a-t.™. 

oiiromosoie l i„ ''•*^'*^* Presence of 

" Una,. „ chuU, "^"'-^ 

TS ... ezo h.., a baT J^a orr^sT"'"''"' 
whsTQas DB3 rie +Ka. pairs 

Prinars ooBslatea of 2 allJT . using ijj 

(-"el^ 1) ans basa pal^ ' f^T 

anq bio ganottic ouas 
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1 correspond to all 1 2. This demonstra-tes that the 

2 hunan m use hybrid cell line Bio c ntain d human 

3 chromesoae 1. 

4 

5 FACS analysis for the presence of DAP showed that the 

6 majority of the human T5 cells (85.7%) stained positive 

7 with anti-DAF monoclonal antibody- A similar level 

8 (83.1*) of positive cells was found in the mouse/human 

9 hybrid Bxo cells. The mouse-mouse hyrbid DB3 cells 

10 showed identical staining patterns tor both anti-D&P 

11 treated and untreated preparations. However, this 

12 anti-mouse igci reactivity was removed if (i) 

13 FITC-conjugated sheep anti-mouse igG2a was used or (2) 

14 the above goat anti-mouse Igc was preabsorbed with db3 

15 cells. The results indicate that human-mouse hybrid 

16 cell line BIO eacpress human DAF on the cell membrane 

17 surface as detected by specific anti-DAT monoclonal 

18 antibodies. The level of expression is the same as for 

19 the humam cell line T5. A mouse-mouse hybridoma cell 

20 line does not express human haf , 
21 

22 Chromium release cytotoxic cell Jcilling studies were 

23 performed on these cell lines as is described in 

24 Example 5 above- Figure 10 shows that, when pig 

25 anti-human antibodies are incubated with the T5 human 

26 cell line the addition of rabbit complement caused 

27 1YSX9 whereas no lysis occurs when human complement is 

28 Added because, of course, the T5 cell line will possess 

29 human HCRFs. a?his is confirmation of the results of 

30 Ejeangjle 5. When human antibodies are used on the human 

31 cell line no lysis occurs either with human complement 

32 or with rabbit complement, showing there are no 

33 auto-antibodies. The chromium release technique does 
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I 
2 



not allow for incubations to be continued long enough 
to detect any sigaficiant lev is of alternative patbway 

3 actxvation of ti rabbit complement by the human cells 

4 (Figure H> . However, when human antibodies are 

5 xncubated with the DB3 »ouse^ouse hybridoma cell line 



(Figure 12), cell killing is achieved by both rabbit 
oe^plement and human complement demonstrating that 
indeed human complement can function i,: such an asBay 
9 wxen the BIO human-mouse hybrid, possessing humari 
0 chromosome 1 and Jcnown to be expressing at lea=t DAP 
was used then rabbit complement cauaed ly.i. of the 
cell line Whereas human complement fails to cause lysis 

xs that the human HCRPs being expressed by virtue of 
X5 po«ess.on of chromosome l on the mouse-human hybrid 
IS have inhibited the activity of the human complement 



10 

11 

12 

13 

14 is 
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The preceding example demonstrates that possession of 

^IlT^T r T ''"'"""'^ -«nograft cell destruction, 
^ile this is strong circumstantial evidence that it is 
the CRA locus Which is protecting the mouse cell from 
xenograft destruction this example provides formal 

11 ^""'^ ^"--^ transfecting 

26 non-human cell lines with human MCP and exposing the! 

27 to human or rabbit complement is demonstrated. 

4-unxin al. (;r, yyyp. j^sg lSl-194 (1988)) 

usinrtT" transfected cell im.s was performed 
using the expression plasmid SFFV.neo using the 
l^^chnique described by Fuhlbrigge ^ al. (^2^^^^ 



26 
29 
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1 ■ ^fldt gg , 1 .. 85 5649-56S3 (1988)). TUls contains the 

2 Friend spleen focus forming virns s' long terminal 

3 repeat fSPPV.LTR) (Clark and Max fNTicl. ^^4,..^ -p^, 

4 3315-3330 (1982)) and fProe. waf. , ^^.^ e^^- ^ 

5 5037-5041 (1983))). Cell lines were obtained from the 

6 American Type ctilture Collection 12301 ParXlawn Drive, 

7 Rockv-ille, Maryland, USA. Cell lines used were CHO-Kl 

8 (ATCC CCL 61) and NlH/3rt3 (ATCC CRt 1658) . Expression 

9 Of the gene was confirmed using a monoclonal antibody 

10 to MCP (Andrews gfc al. Ann. r^^^^ ^ ^^.gg 

11 (1985)) and PACS analysis as already described. in 

12 some cases cell lines were selected for high level 
expression of MCP by cell sorting on the FACS using 



13 



14 standard techniques 
15 
16 



This example illustrates the effect of transfecting CHO 

17 cells With MCP. Because these cell lines grow as 

18 monolayers, cell killing was assessed fay the terminal 

19 adenine uptake assay as descibred by de Bono ai. 

20 (la pm^plLoqy 32 221-226 (1977)). In brief, this assay 
involved incubation of cell cultures in flat-bottomed 
sterile 96 well pistes with complement and antibody. At 
the end of the experimental incubation period, cell 
viability is assessed by the ability of the culture to 

25 take up radioactive adenine. Viable cells will take up 

26 the adenine, dead cells will not; thus viable cells 
have high counts, dead cells have low counts. 



21 
22 
23 
24 



27 
28 



29 In common with many transformed cells, CHO is 

30 insensitive to naturally occurring antibodies and the 

31 action Of the alternative pathway of complement. 

32 However, these cells are sensitive to those antibodies 

33 Which as has been demonstrated cause hamster heart 
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1 



2 CHO C lie ar d -r^vorf 1 



3 killed the CEO cells vlth both human iu« rabbit 

S vith human „CP, the calls can only be lyaad in the 

^"^J".! T^'^ Hu»an complement has 

be« inhibited by the pr»ae„c. of the human MCP on the 

^ar the failure of the cells t;a i,>,-ti ^ j 
^iBo i-« , * J, c«-J-is to be killed la indeed 

C3 convertase is provided by 



6 
7 
8 
9 



10 due to a failure of 



analysis of tlie breaJcdown 



12 incubation of the 



the biman C3 after 



13 
14 
IS 



CHO cells by rocket 

^uno-electropbore^is as descibred in Zxa^xe 4 above! 
AS can be seen, no breaJcdown occurs above complement 
only control levels (Figure 16) . o»PXement 

IB To^^JT. genetically engineering 

18 complement down-regulatory proteins on tbe s«rf,ce al 

20 --^anisms of hyperacute xenograft destruction which 

21 have, as a coimnon feature, a requirement for the 
Cleavage of the C3 component of complement 



22 
23 
24 
25 
26 
27 



following tbe procedure of E=„mpl. 8, 3T3 .ouse 
^™ *r.-«ected vith cDffit coding for 

« =i°- K5.23,. =lcr «a added to the c^L as 

29 described in atample 5. one volume of cells 

" c'or"-^ - .eat iL™ ai:^ 

31 complement and one volume of 

■j-i _ . "jue or numan complement 

antl-mouae antibody from the human complement. The 
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1 mlarhure and sarlal dllU'tloTis vlth complement were 

2 plat d out. General conditions and features of the 

3 chLromium release assay are as described in Example 5. 

4 The results for clone k:5-23 are shown in Figure 17, 

5 which also shows, as a control, the effect of the MCP 
€ cDKA being introduced in the reverse orientation (in 

7 which case it is not transcribed) • Correctly 

8 transcribed MCP cDNA confers protection on the cells 

9 from killing, as evidenced by the relatively low level 

10 of Or release^ whereas non-transcribed cDha does not 

11 confer significant protection, as evidenced by the 

12 relatively high level of ^^Cr release, 
13 

14 gxaMPm 10 
15 

16 similar results to those described in Eicample 8 above 

17 can be obtained with Ll/210 cells (a mouse leiDcaemic 

15 cell line) transfected with with the cDKA for DAF- 

19 cDNAs were produced for DAF as described in Lublin & 

20 Atlcinson CAim. Rev^ imnninol^ 7 35-58 (1989))- 
21 

22 SPgq^Mg 11. 

24 CDNA for MCP was prepared and ligated into SFFV.neo, as 

25 in Bscample 8 eibove. 
26 

27 Using this DNA preparation transgenic mice were 

28 produced as desci-ibed in Manipulating the Mouse Embryo, 

29 A I-aboratory Manual by B. Hogan et al. Cold spring 

30 Harbour Laboratory (1986) . Ten to fifteen fCBAxBlo^fi 

31 4em^j,Q nice, 3-4 weeks old, were induced to 

32 superovtaate by intraperitonal injection of 5 units 

33 serum gonadotrophin from pregnant mares (supplied 
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PCr/G»90/0l575 

?on.aot:ropi,i« 1 »^ ^ -nits L ^ 

^ -tlx..e. ov. .e.. isolate. ^ an. 

Three t «>^i<iuets. 

^differential interfl ^^"^ uncSer iL 

magnification ^"''^^'"'^^'^ contrast aptZT '''^^ 

containing t.. X lZ''?'^^ ^ °-A^P^aT'' 
2^ging fr-^-, « ^ ^*"ansaene ir, *"^Paration 

17 ^ """"^ O.S to 2 ng/^i. ^""^^ =°^«=^ntrations 

the ; of (canxBioiri -=„ , ^s^aplantad 
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1 of th offspring, a male, proved to be transgenic for 

2 tlie HCP OKA sequence. 

3 

5 



The procedure of Exainple ii was repeated, except that 
the cDNA for D&F, as described in Exa^le lo, was used 
iji place Of the cDNA for MCP. Twenty three offspring 
were bom from ten mothers. Three of them (two female, 
one male) , transgenic for u&f, were obtained, as show^ 
11 by Southern blotting. 
12 
13 

14 ^gy?ttTPt^ 



6 
7 
8 
9 
10 



15 
X6 
17 
1.8 



•Ehe male mouse obtained in Eacample ix, containing a 
human MCP cdKA transgene was allowed to grow to 
maturity and mated with a (CBl^io)Tl female. Eleven 

19 Offspring resulted. Tail cell DHA from each offspring 

20 was screened by slot-blot analysis, using labelled 

21 human MCP cDNA as a probe, to determine whether the 

22 transgene had been inherited. The results are shown in 

23 the upper part of Figure is. it can be seen that 

24 offspring o, 1, 5, 7, 8 and lo have inherited. (Four 

25 controls were undertaken: human DNA (H) ; „ouse dna 
2S (K); mouse dkA mixed with lo pg human Mcp labelled 

27 CDNA; and mouse dna mixed with lOO pg human MCP 

28 labelled cDNA. ) 
29 

31 ■ 

32 The male mouse obtained in Example 12, containing a 

33 human DAF cDNA transgene was allowed to grow to 
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natoity and aated with a CCa2lxBlo)Fi female. For each 
of the resxilting offspring, tail cell DKA was screened 
by Slot-blot analysis, using labelled human DAF cOKA as 
a probe, to determine whether the transgene had been 
inherited. The results are shown in the lower part of 
6 Figure 18. It can be seen that offspring 13.3 (a 
female) has inherited. CFour controls were undertaken: 
human DNA (H) ; mouse una (K) ; mouse DNA mixed with 10 
pg human daf labelled cDNA; and mouse dna mixed with 
100 pg human daf labelled cDMA.) 
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SSQ ZD MO: 1 

B^VZSCS T^Bt NUcleotade 
5 SEQQENCS ZfSCTH: 20 

6 

7 properties: Upstreaur primer of himan anti thrombin 2 

8 CAT3} gene 
9 

10 SSgUEHCEt 

XI 

12 CC^CArSGTGT AACATTCTGT 

13 20 
14 

15 
16 

17 SEQ ZD MOj 2 

IS SfiBurarcB !nrPBT Nucleotide 

19 SEQUEKCE LEKGtCRi 20 

20 

II ^r^'™^^"' oovnstraaia pri^ of hUKan an1:xt:hro»bin 2 

22 (AT3 ) gene 

23 

24 SBQQHNCS: 

25 

26 SAGATAGTGT GATCTGAGGC 
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1 CLAT^ 
2 



6 
7 
8 
9 
XO 



1. A aetiiQd of transplanting aniioal tissue into a 



3 

4 recipient, wherein the tissue is derived' fr^^ a'dlnor 

5 Of a different species traa the recipient, the donor 



species being a discordant species with respect to tne 
recipient, the method comprising grafting the tissue 
into the recipient and providing in association with 
the grafted tissue one or more homologous complement 
restriction factors CHCRFs, active i^ the recipient 

11 species to prevent the complete activation of 

12 complement. 



13 

14 2. 



A method as claimed in claim i, wherein the tissue 
15 is an organ. 



16 

17 3. 
IS 
19 

20 4 



A method as claimed in claim 2, wherein the organ 
is a heart, lung, liver, kidney, pancreas or thyroid. 



A method as claimed in claim i, wherein the tissue 

21 comprises blood or haematopoietic cells, islets of 

22 Langerhans, brain cells or cells from endocrine 

23 organs . 
24 

25 S. A method as claimed in any one of claims i to 4 

26 Wherein the hcrp interferes with that part of the 

27 complement activation cascade which is common to both 

28 the classical and alternative pathways. 

29 

30 6. A method as claimed in any one of claims 1 to 5 

31 wherein the HCRF is a natural HCRP. 
32 

33 
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1 7. A Mftfch d as claimed in claim 5, wlierein the HCRP 

2 • regalat:es con^lement activation at C3. 
3 

4 8. A laathod as claimed in claim 7, whereiH the Hcrf 

5 is or has the activity of: 
6 

7 Factor I (also previousiy known as C3b inactivator 

8 or K&F) ; 
9 

10 Factor H; 

11 

^2 C4 binding protein; 

13 

14 DAT (also Icnown as CD55) ; 

15 

16 Kenbrane Cof actor Protein (KCP; also known as CD46 

17 and first described as gp45-70 and further known 

18 as gp66/56) f 
19 

^° {also known as C3b/C4b receptor or CD3S) ; 

21 smd/or 

22 

23 CR2 (also known as CD2i, C3.dg receptor, 3d/EBV 

24 receptor and pi40) . 
2S 

26 
27 
28 
29 



32 



9- A method as claimed in any one of claims 1 to 8, 
wherein the HCRF has the activity of a natural HCRT 
whose gene is located in the RCA (regulator of 
complement activation) locus, which maps to band g32 of 



3 0 chromosome i 
31 



10. A method as claimed in claim 5, wherein the hcrf 



33 regulates complement activation at C8 and/ or C9 
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1 11. 

2 



3 
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11- A joathod as clained ia ciain m ^ 
is or has the activity of: 

C8bp (also known as HRP or KXP) ; 

P-18 (also taiown as hrf-2o, cr>59 or miri., ; „ 



S SP40.40. 

9 

10 12, 

11 



12 

13 13. 



A method as claimed in anv , . 

Wherein the hcrp i« » ^ ^ of ciaxas i to ii, 
tae HCRF is membrane bound. 



A method as claimed in anv * , . 

14 wherein the hcrf isTrJ^.^ . f ""^^^ 1 to 12, 

■»c provided in such a wav i-Ha*. 4* ^ 

3-5 xntograted with the cell »«t»>„. ^ 

cell membrane on donor tissue 



15 
16 



17 14. A aethod as claimed 



donor tissue UtT ■ ^ "'^'^ """^i" 



18 
19 

20 active in the recirTiV"* "''^ "'^^ S^R^s 

recipient ""^^^^"^^ when grafted into the 



21 recipient. 
22 

Tuie recipient species is human. 

26 16. A method as r-l a-f'm...a 

«^i„ .o„o/^ z " ^ ^ 

31 or more homolooous a^T ^«««»«^^ated with one 

32 active ix» the intll^T'''^"^^^ restriction factors 

33 complete a^ivat "n If ^"'^^^^^ ^« ^^-"^ 

aotxvatxon of complement, the donor species 
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1 to 



2 
3 

4 

5 

6 

7 
8 



^esp ct to the 



T'^'^ ^^siTTi.^^^^'^^^- tissue, 

^ ^5- The use * • 



«»««r specie. «rtrl«:i„„ jartT^ 

s esoing one or more , =«Paiiie of 

•® anxBial can, 

- H«o.=^ =o^e^ WLZr 
*oz'e semiencjes ^estarietlon factor 

queuces to enable the eo,^^^ or 

*^«zisEormed animal cell ^^^Pressed 

23. DiTA ae claimed in cl.- 

is a c^i „^ -herein the animal 

^-.poratin. the con/t^^^^^^^^^ ^^^^ .enetica^,' 
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1 24 DKA as Claimed in elaia 22, vher«d« th« cell is a 
4 

6 °'"»'™" ""i'^le incorporation 

6 IWo th. genotLo n^terial of an to produce o 

9 . """Clogous oo^xe,.e«: r.=triction 

11 °^ in at l««.t so-e ceils of I 

II .eneticail. inoorpo„ti„, tUe 

16 

»IIk t preparing a transgenic ani^nal, th^ 

- :^e.ic rr^'f in-rpcrating into an anilai : 

20 "^"^^^^ °^ '^'^ f «r at lea^t one homologous 

21 to anable the coding d»a to be expressed in «t . ^ 

22 SOUS calls n*' „. expreeseca in at least 
Bome cells of the transgenic anianal. 

23 
24 

25 

26 

27 

28 

29 
30 
31 
32 
33 
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FIG. 9 
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FIG. 11 
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FIG. 15 
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